Over the past six decades, numerous demographers have studied fertility patterns of the states of India. These analyses portray a fertility decline -rapid in some states and low or moderate in others. The present paper seeks to examine the potential factors responsible for regional demographic heterogeneity in the states of India based on empirical analysis of the birth counts for the period 1985-2011.This article establishes the interactive linkages between observed fertility and the changes in four principal potential causal forces such as literacy of parents and welfare initiatives by the government in the form of public expenditure and urbanisation drive. Among the individual effects female literacy is found to promote births significantly while higher male literacy is accompanied by lower occurrences of births. Government interventions and controls such as high infrastructure spending and urbanization process result in significantly reduced births. We utilize various spatial models to determine the diffusion effect of these factors on the fertility outcomes in the neighbouring interconnected regions and interpret them.
Introduction
Fertility is a vital component of population growth as it provides information on the women's reproductive behavior. Literature suggests that fertility outcomes are linked indigenously to the social, economic and cultural transformations, in direct or indirect ways, which accordingly impacts the demographic structure of the countries [1] . Direct linkage among economic variables and fertility rates with the underlying assumption that impact social change will be nested in the economic structure, subsequently influences the fertility [2, 3] . Influence of economic condition on fertility outcome has also been studied [4] . Regional dissimilarity in the total fertility rate over the past years has attracted many researchers to understand and articulate the variations in fertility along with reasonable explanations. North-South differences in parity-specific fertility intentions exist in India. Prior analyses have focused on north-south dichotomy which is evident in the divergent fertility patterns across the broad physical contours of India [5] . Hence, changes in fertility desires and their actualization may be better understood within the broader socio-politico-economic context. Socio-economic factors and those related to women's status are not adequate to capture the variations in fertility decline since the nature of relationship found between female employment and fertility in developed countries is either absent or weak in the developing countries. More than employment by itself, employment type determines reproductive intentions and behavior [6, 7] . Such studies point out that economic factors contribute to the fertility reduction. However, in India, non-economic forces such as cultural and religious norms explain greater proportion of fertility variations [8] .
The gendered nature of Indian society favor sons more than daughters and regards them as future investment. The prevalent fertility pattern among neighbouring households extensively influences the fertility intention of households. Technological interventions (access to technologies that help to eliminate gender selective births as well as birth control means) are crucial in determining the actual size of household which is directly linked to the infrastructure availability such as health centres. Factors such as delayed age of marriage, increase in woman's individuality and aspirations for the quality of children, opportunities for personal advancement, awareness of social mobility, desire for lesser number of children and exposure to means of family planning, collectively regulate fertility [9, 10] .
In northern parts of India (Bihar, Uttar Pradesh, Madhya Pradesh, Rajasthan, Punjab and Haryana) disenchantment with son preference, over the time, resulted in restricted and smaller family size [11] . Studies assert that direct and indirect influence of education, urbanization and exposure to mass media have supported lowering of fertility levels. Studies suggest that fertility decline in India is primarily shaped by increased contraceptive prevalence rates among the educated women [12, 13] . In contrast, using the decomposition method, contraceptive prevalence among uneducated has been shown to contribute more than two-fifths of reduction in total fertility rate (TFR), between 1992-93 and 2005-06, and the remaining proportion is attributed to literate women [14] .
Composite Indian fertility count behavior based on socio-economic exogenous variables has recently been studied [15] . Present study empirically investigates individual states within India motivated by the results of another empirical study focussed on Indian fertility convergence which asserts that 'change point of fertility' theory implies that 'subset of states' of a particular region are more homogeneous with respect to fertility outcomes [16] . Assuming fertility decline to be self sustained, another recent work confirms the presence of geographic heterogeneity of the contours of fertility decline in India over the past four decades [17] . Changes in Total Fertility Rate over time (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) and space (states) in India have been empirically analysed for extent of influence exercised by the conceptual factors such as the desired family size, unwanted births, son preferences and postponement of fertility [18] .
The present article is a comprehensive empirical assessment of trends and four selected determinants of fertility among the states of India, for the period 1985-2011 with the primary objective of capturing pattern shift in fertility over time. Methodological tools such as Concentration ratio (CR), D-statistic and tstatistic are used to investigate non-uniformity, spatial dependence and temporal changes in the number of births. Spatial and non-spatial models examine fertility and their potential determinants over timeline of three decades. The present paper acknowledges the role and interconnection of governance measure such as social infrastructure expenditure, individuality effects such as literacy rate and role of society in the form of urbanization rate, on fertility, through assessment of fertility concentration and transition.
The paper is organized as follows. Section 2 describes data and its sources, variables and methodology used. Section 3 is devoted to the empirical analysis and summarizes the role of causal forces linked with the emergent transformations in the births which are interpreted from policy perspectives. Section 4 concludes findings of the study with some policy suggestions.
Data Source, Variables and Methodology
To empirically evaluate the growth, decline or stability in births across Indian states literacy rate (male and female), urbanization and social infrastructure expenditure are selected as control variables. Social infrastructure expenditure comprises government expenditure on education, sports, art and culture, family welfare, medical and public health [19] . Urbanisation data is sourced from the literature [20] . Data for number of births and literacy rate is collected from the office of Registrar General of India and Census Commissioner. Births per represented in million population(s) are considered instead of fertility rate for ease of methodological requirement and consistency in the accessibility. Table A .1).
2.1.

Concentration ratio (CR) of birth
So far, economists, regional planners and geographers have used location quotient (LQ) to quantify the degree of relative concentration of an activity in the analysis of area localization. We define concentration ratio (CR) to represent birth concentration in a geographic area as >1/<1/=1 indicates relative birth concentration at timet is more/less/equal compared to the overall India (see Table 1 ).
D-statistic
D-statistic, a non-parametric rank adjacency statistic, is a spatial aggregated measure of spatial autocorrelation used in the studies of epidemiology and medical statistics. Following is the procedure to calculate D-statistic:
where, y i denotes the number of births for state i,
where, ik w represents the weight of contact or distance between states i and k, respectively. We use queen contiguity in which the element w ik is 1 for the adjacent states and 0 otherwise. Spatial clustering (or positive spatial autocorrelation) in the data is reflected by the tendency for adjacent data values to have similar ranks, so that the value of D-statistic will tend to be smaller. Initially, the statistical significance of the pattern had to be established by simulation. For the present study real time data is used in the calculation of D-statistic (see Table  2 ). The theoretical mean and (an approximate) variance of D-statistic are derived as
where, A represents the number of distinct adjacent pairs of states. An approximate z-test of significance postulates the null hypothesis that the data ranks i z are randomly distributed over states. Assuming approximate normality for D allows a test of significance based on the ratio:
, with positive spatial autocorrelation leading to negative values of z [21] .
t-statistic
Temporal trends of the number of births are examined based on the following model: ≠0 is tested for identifying the temporal trend by estimating the slope  (see Table 3 ).
2.4.
Spatial panel models
In the present article, spatial panel regression models are applied to the selected variables under study which are observed at discrete points in time. Spatial panel facilitates empirical research by extending modelling possibilities which incorporate the dependence among regions in close geographical proximity. General spatial panel model is given as, Spatial model extends the standard linear regression model for identification of clusters of nearest neighbours allowing dependence among the states [22] . Ordinary Least Square (OLS, henceforth) parameter estimates, in simple linear regression, are based on the first order partial derivative of dependent variable relative to the explanatory variable k
However, spatial models encompass feedback effect related to the response variable wherein parameter estimates are based on the principle that changes in independent variable for a spatial unit may affect the dependent variable in adjacent units with which it shares boundaries, i.e.
f is some mathematical function.
Empirical Analysis
Initial empirical investigation involves assessment of fertility concentration and transition.
3.1.
Concentration ratio (CR) of birth
So far, economists, regional planners and geographers have used location quotient (LQ) to quantify the degree of relative concentration of an activity in the analysis of area localization. We define concentration ratio (CR) to represent birth concentration in a geographic area as 
Temporal transformation
Non spatial approach
Analysis of OLS which undertakes comparison between units only, disregarding space and time effects and panel data regression model with fixed effects (PDFE, henceforth), which accounts time effects along with between units effects, are reported in Table 4 . PDFE models are more common in empirical investigations compared to random effects studies [23] . Hausman test shows that fixed effects models are more appropriate than the random effects model [24] . As mentioned Akaike Information Criterion (AIC) is traditionally used as an aid to select the most suitable competing model among the candidate models which rejects the specific OLS model in favor of the more general PDFE model. Estimation results of both OLS and PDFE indicate that female literacy promotes births significantly while higher male literacy is accompanied by lower occurrences of births for the entire study period. PDFE coefficients indicate that higher government expenditure restricts the birth outcomes. Under PDFE urbanization process results in significantly reduced births, as is expected in the long run.
Spatial approach
Spatial autoregressive (SAR) model hypothesizes that the dependent variable is shaped by the observed dependent variable in neighboring units and on a set of observed local characteristics [25] . The spatial error model (SEM) assumes dependence of response variable on a set of local observed characteristics and serial correlation among error terms across space. Direct (feedback) effects measure impact of change in an explanatory variable on the response variable at a specific location whereas indirect (spatial spillover) effect measures the impact of change in explanatory variable in a specific location on the response variable of the neighbouring location. Results from Table 5 indicate that the estimated coefficients for spatial dependence ( and ) are statistically significant. The estimate for  seems to be larger than the estimate for . Under the main effects in both SAR and SEM approaches, increased female literacy favors higher births during the study period whereas increased male literacy causes significant reduction in births. Urban development contradicts its behavior in pre-and post-2000 time periods: rising urban development is accompanied by rise in births in the pre-2000, though it is found to bring down births in post-2000 period significantly. Government spending on infrastructure are seen to substantially bring down the number of births in the study period. Direct effect coefficient estimates are in confirmation with the main effects estimates for SAR model (which account for spatial lag in fertility response) as seen in Table 5 . However, indirect effects confirm that the spillover effect of urbanization is much smaller than those from direct feedback effects whereas spillover effect of expenditure is much larger than those from direct effects. Also, female literacy has a negative and male literacy has a positive spillover effect. This is in contrast with a positive feedback impact of female literacy and negative feedback impact of male literacy on the number of births. In other words, the indirect effect coefficients suggest that being surrounded by low educated females, highly educated males, urbane and low government expenditure states discourages higher births in a state.
Spatial Durbin model (SDM, henceforth) accommodates two distinct statistical issues of SAR and SEM regressions which affect regional spatial regression outcomes. This is done by incorporating spatial lag of the dependent variable (Wy) and spatial lag of the explanatory variable (WX), respectively, in the same model. For a more transparent comprehension of the induced effects on the actual birth outcome in any state, spatial lags are added to the dependent (and explanatory) variables by considering product Wy (and WX) of spatial weight matrix (queen contiguity matrix W, in the present analysis) and the dependent (and explanatory) variables, as presented in Table 6 . Wy (and WX) represents interactions between endogenous (and exogenous) characteristics of nearby observations with response variable at the location. The main objective of introducing a spatial lag is to obtain an average value that exists in the neighbouring regions. Results of Table 6 show that the occurrence of births are positively related to female education and negatively related to male literacy and social infrastructure expenditure incurred by the government in the region. Urbanisation positively influences births in the pre-2000 period and helps in controlling birth counts in the post-2000 period. On adding spatial lags for the explanatory variable (WX) effects of female and male education remain same as before. However, such conjunction reverses the association between fertility outcome and social infrastructure expenditure. In other words, education effect of both the genders remained unchanged in the state as well as in its neighbouring region, however, higher social infrastructure spending in one region is found to be beneficial for the state itself but disadvantageous for the neighbouring states. Urbanisation reduces the number of births though more in the state itself than in the surrounding regions.
In the SDM estimation, a change in explanatory variable in a region has a direct influence on the specific region and an indirect effect on the surrounding adjacent regions. The results in Table 6 does not segregate the contribution of direct and indirect effects of explanatory variables on the fertility outcomes. Table  7 gives computation of total, direct and indirect effects for a succinct interpretation of the estimated coefficients [26] .
The above micro analysis gives a clearer picture of the spatial fertility dynamics in the states of India during the 27 year time span of the current empirical study. Coefficients of the total effects are in agreement with the direct effect coefficients with the exception of expenditure variable in pre-2000. By separating tangible (direct) and intangible (indirect) forces associated with each factor we find that in the post-2000 period, spillover from female literacy and urbanization results in diminishing births and spillover impact of male literacy boosts births in the neighborhoods. Rest of the coefficient estimates show that the influences of the selected explanatory variables remain in line with the interpretation of coefficients from the earlier spatial models. 
Discussion
Bihar, Uttar Pradesh, Jharkhand, Madhya Pradesh and Rajasthan report very high rate of fertility compared to the rest of the Indian states. One of the striking commonality is that these states share boundaries with one or the other mentioned states. This "striking" commonality intuitively indicates possible presence of spatial correlation in fertility rates across these states and thus, motivates us to examine the spatial distribution of fertility. The spatial units considered were states and union territories between 1985 and 2011. Explanatory variables were identified using significant D-statistics. Objective of the present article was to identify and analyse factors influencing regional births at spatial scale (Indian states and union territories) using spatial panel data models. A systematic examination of the selected factors was carried out using OLS, PDFE, SAR, SEM and SDM in order to assess the extent of their influence on the birth outcomes in the same region as well as in the adjacent regions. Direct effects indicate that birth decline is fostered by lower female education, higher male education, lower urbanisation and higher social infrastructure expenditure in pre-2000 period while post-2000 period analysis shows reversal in male education and urbanisation effects alone. Feedbacks are larger in strength than spillovers for the entire study period as obtained from both SAR and SDM regressions for all the considered covariates with the exception being male literacy spillovers from SDM in post-2000.
In the SDM, when direct and indirect effects are disentangled then all the four potential determinants considered in the study show positive spatial spillover impact on the neighbouring regions for the entire study period. This means that a region located in a neighbourhood with educated people, good infrastructure and higher urbanisation will tend to have higher actual birth outcomes. This could be interpreted as an urbanised region with better infrastructure spending will attract investment away from neighbouring rural regions with poorer infrastructure. Expansion of infrastructure expenditure (towards development, for example through institutional settings in form of hospitals and schools) should therefore be encouraged by the state administration in all the spatially adjacent units, so that the inherent positive direct effects benefit each state. In general, urbanisation effects are percolated in any region only in the long run. This fact finds support in our study where urbanisation has positive effect in pre 2000 period and negative effect on post 2000 period, on the birth outcomes. Therefore, urban facilities (such as roads, electrification and safe drinking water) should be continuously and uniformly provided by the planners and local government, so as to achieve birth decline both in the states and is neighbouring regions. Such interpretation of the influencing patterns lead to an understanding that regions with similar attributes (other things being equal) can have different fertility rates if neighbouring regions differ with respect to these four characteristic features.
Conclusion
Many researchers have identified and studied causal forces which influence decline in Indian fertility or fertility in specific states of India. However, the novel contribution of the present paper is to understand the net influence of the selected causal forces in the self state (feedback effect) as well as in the states which share geographic boundary with it (spillover effect) over a period of time. The present paper is the first attempt in the spatial context of states in India (to the best of our knowledge) which disengage direct and indirect effects to study feedback effects of female literacy, male literacy, urbanization and infrastructure expenditure on the actual fertility outcomes, in addition to acknowledging spillover effects of these causal forces among the neighbouring states of India. Specifically, this manuscript constitutes a quantitative study of diffusion process which brings about fertility variations across states in India as they experience educational, economic and social infrastructure changes over time.
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